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1. 

METHOD FOR MANUFACTURING 
POLARIZER AND LASER PROCESSING 

APPARATUS FOR MANUFACTURING THE 
POLARIZER 

This application claims priority to Korean Patent Applica 
tion No. 2006-51396, filed on Jun. 8, 2006, and all the benefits 
accruing therefrom under 35 U.S.C. S 119, the contents of 
which are herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufactur 

ing a polarizer and a laser processing apparatus for manufac 
turing the polarizer. More particularly, the present invention 
relates to a method for manufacturing a polarizer having a 
plurality of stripe lines formed on a surface of the polarizer 
and a laser processing apparatus for manufacturing the polar 
1Z. 

2. Description of the Related Art 
A liquid crystal display (LCD’) apparatus includes an 

LCD panel and a backlight assembly. The LCD panel 
includes a thin film transistor (“TFT) substrate, a color filter 
substrate, and a liquid crystal disposed between the TFT 
substrate and the color filter substrate. Since the LCD panel is 
a passive element that does not emit light by itself, the back 
light assembly providing the LCD panel with light has great 
influence on a brightness of images displayed in the LCD 
panel. 
The LCD apparatus includes polarizing plates disposed on 

upper and lower surfaces of the LCD panel, such that the 
liquid crystal operates as a light shutter. The polarizing plate 
transmits a light polarized in a predetermined direction. The 
polarizing plate transmits theoretically a maximum of half of 
the total light generated by the backlight assembly. However, 
the polarizing plate practically transmits about 43% of the 
total light generated by the backlight assembly. 

In order to increase the amount of light passing through the 
polarizing plate, a dual brightness enhancement film 
(“DBEF) may be disposed between the backlight assembly 
and the polarizing plate. 

However, a cost of the polarizing plate is about 25% to 30% 
of a total cost of elements of the LCD panel. Additionally, a 
cost of the DBEF is very high. Therefore, when the LCD 
apparatus includes the DBEF with the polarizing plate, a 
manufacturing cost of the LCD apparatus is greatly increased. 

In a large or medium sized LCD apparatus, such as a large 
size television receiver set, a monitor, a notebook personal 
computer (“NPC), etc., a size of a mother board has been 
increased. The number of unit cells is increased, as the size of 
the mother board is increased. Since a polarizing plate is 
adhered to each of the unit cells, many processes that adhere 
the polarizing plate to the unit cell are required for manufac 
turing an LCD apparatus. Therefore, it is necessary that a 
polarizer is formed in an area corresponding to the whole 
mother board. Multi-step, relatively costly and inefficient 
photolithographic methods of forming a polarizer may 
include plating the conductive thin film layer together with a 
photo resist, hardening the photo resist, aligning a mask, 
exposing, developing, hardening, etching the conductive thin 
film layer, and stripping the photo resist. In a similar fashion, 
laser-interference-lithograph methods of forming a polarizer 
may include plating the conductive thin film layer with a 
photo resist, soft hardening, hard hardening, patterning the 
photo resist through exposing the photo resist to excimer laser 
beams interfering each other without using a photo-mask, 
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2 
etching the conductive thin film layer, and stripping the photo 
resist. Therefore, a simpler and more cost effective method of 
forming a polarizer is required. 

BRIEF SUMMARY OF THE INVENTION 

An exemplary embodiment provides a method of manu 
facturing a polarizer including a plurality of stripe lines 
directly processed by a laser beam with accuracy of nano 
scale. 
An exemplary embodiment further provides a laser pro 

cessing apparatus generating the above laser beam for pro 
cessing the stripe lines. 
An exemplary embodiment of a method of manufacturing 

a polarizer includes forming a conductive thin film on a first 
Surface of a Substrate and partially removing the conductive 
thin film corresponding to a plurality of processing lines. The 
removing the conductive thin film includes irradiating treat 
ment laser beams along the processing lines and forming a 
plurality of groove lines at a portion of the substrate from 
which the conductive thin film is removed and a plurality of 
stripe lines formed of the conductive thin film remaining 
between the groove lines. 

In an exemplary embodiment, the treatment laser beams 
are one among F2 typed laser beams having a wavelength of 
about 157 nm, ArF typed laser beams having a wavelength of 
about 190 nm, KrF typed laser beams having a wavelength of 
about 250 nm, and Femto-second laser beams having a wave 
length of about 780 nm. Thus, a width of each of the striped 
lines and a pitch defined as a distance between striped lines 
are in a range of about 120 nm to about 200 nm. 

In an exemplary embodiment, partially removing the con 
ductive thin film includes irradiating the treatment laser 
beams along a first processing lines of the processing lines to 
form first groove lines, moving the Substrate relative to irra 
diation points onto which the treatment laser beams are irra 
diated, and irradiating the treatment laser beams along second 
processing lines of the processing lines to form second groove 
lines. An align pattern formed on a portion of the Substrate 
may be used for relatively moving the substrate. Also, striped 
lines including conductive thin film remaining between the 
first groove lines may be used for relatively moving the sub 
Strate. 
An exemplary embodiment of a laser processing apparatus 

includes a laser source, a light-adjusting module, a light split 
ting module, and a light cross-section modulating module. 
The laser source emits a source laser beam. The light-adjust 
ing module converts the Source laser beam into a parallel laser 
beam. The light splitting module splits the parallel laser beam 
into a plurality of processing laser beams and emits the pro 
cessing laser beams in one direction. The light cross-section 
modulating module converts each of the processing laser 
beams into a treatment laser beam having a long oval shaped 
cross-section and emits the treatment laser beam. 

In an exemplary embodiment, the laser source emits one 
among a F2 typed laser beam having a wavelength of about 
157 nm, an Arf typed laser beam having a wavelength of 
about 190 nm, a KrF typed laser beam having a wavelength of 
about 250 nm, and a Femto-second laser beam having a 
wavelength of about 780 nm. 

In an exemplary embodiment of a method for manufactur 
ing a polarizer and the laser processing apparatus, processes 
for manufacturing a polarizer may be simplified. Also, a 
number of an optical member, Such as a polarizer, employed 
to a display apparatus may be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become more apparent by describing in 



US 7,929,079 B2 
3 

detailed example embodiments thereof with reference to the 
accompanying drawings, in which: 

FIG. 1 is a perspective view illustrating an exemplary 
embodiment of a polarizer processed by a laser beam accord 
ing to a method for manufacturing a polarizer of the present 
invention; 

FIG. 2 is a plan view illustrating another exemplary 
embodiment of a polarizer processed by a laser beam in 
accordance with the present invention; 

FIG. 3 is a perspective view illustrating an exemplary 
embodiment of a polarizer having a processing line different 
from that of the polarizer shown in FIG. 2; 

FIG. 4 is a perspective view illustrating another exemplary 
embodiment of apolarizer manufactured by a method accord 
ing to the present invention; 

FIG. 5 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention; 

FIG. 6 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention; 

FIG. 7 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention; 

FIG. 8 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention; and 

FIG. 9 is a cross-sectional view showing an exemplary 
embodiment of a laser processing apparatus used in forming 
a line pattern in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is described more fully hereinafter with ref 
erence to the accompanying drawings, in which embodiments 
of the invention are shown. This invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
invention to those skilled in the art. In the drawings, the size 
and relative sizes of layers and regions may be exaggerated 
for clarity. 

It will be understood that when an element or layer is 
referred to as being “on” or “connected to another elementor 
layer, it can be directly on or connected to the other element 
or layer or intervening elements or layers may be present. In 
contrast, when an element is referred to as being “directly on 
or “directly connected to another element or layer, there are 
no intervening elements or layers present. Like numbers refer 
to like elements throughout. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 

It will be understood that, although the terms first, second, 
third etc. may be used herein to describe various elements, 
components, regions, layers and/or sections, these elements, 
components, regions, layers and/or sections should not be 
limited by these terms. These terms are only used to distin 
guish one element, component, region, layer or section from 
another region, layer or section. Thus, a first element, com 
ponent, region, layer or section discussed below could be 
termed a second element, component, region, layer or section 
without departing from the teachings of the present invention. 

Spatially relative terms, such as “lower,” “upper and the 
like, may be used herein for ease of description to describe 
one element or feature's relationship to another element(s) or 
feature(s) as illustrated in the figures. It will be understood 
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4 
that the spatially relative terms are intended to encompass 
different orientations of the device in use or operation in 
addition to the orientation depicted in the figures. For 
example, if the device in the figures is turned over, elements 
described as “lower relative to other elements or features 
would then be oriented “upper the other elements or fea 
tures. Thus, the term “lower can encompass both an orien 
tation of above and below. The device may be otherwise 
oriented (rotated 90 degrees or at other orientations) and the 
spatially relative descriptors used herein interpreted accord 
ingly. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a,” “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising, when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, integers, steps, operations, 
elements, components, and/or groups thereof. 

Embodiments of the invention are described herein with 
reference to cross-section illustrations that are schematic 
illustrations of idealized embodiments (and intermediate 
structures) of the invention. As such, variations from the 
shapes of the illustrations as a result, for example, of manu 
facturing techniques and/or tolerances, are to be expected. 
Thus, embodiments of the invention should not be construed 
as limited to the particular shapes of regions illustrated herein 
but are to include deviations in shapes that result, for example, 
from manufacturing. For example, an implanted region illus 
trated as a rectangle will, typically, have rounded or curved 
features and/or a gradient of implant concentration at its 
edges rather than a binary change from implanted to non 
implanted region. Likewise, a buried region formed by 
implantation may result in some implantation in the region 
between the buried region and the surface through which the 
implantation takes place. Thus, the regions illustrated in the 
figures are schematic in nature and their shapes are not 
intended to illustrate the actual shape of a region of a device 
and are not intended to limit the scope of the invention. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 

All methods described herein can be performed in a suit 
able order unless otherwise indicated herein or otherwise 
clearly contradicted by context. The use of any and all 
examples, or exemplary language (e.g., “such as'), is 
intended merely to better illustrate the invention and does not 
pose a limitation on the scope of the invention unless other 
wise claimed. No language in the specification should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention as used herein. 

Hereinafter, the present invention will be explained in 
detail with reference to the accompanying drawings. 
An exemplary embodiment of a method of manufacturing 

a polarizer according to the present invention includes form 
ing a conductive thin film on a first Surface of a Substrate and 
partially removing the conductive thin film corresponding to 
a plurality of processing lines. The removing the conductive 
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thin film may include irradiating laser beams along the pro 
cessing lines to form a plurality of groove lines formed from 
a portion of the substrate and a plurality of stripelines formed 
from a portion of the conductive thin film remaining between 
the groove lines. As used herein, "corresponding may be 
considered as corresponding Substantially in shape, size or 
positional placement relative to another element or feature. 

FIG. 1 is a perspective view illustrating an exemplary 
embodiment of a polarizer processed by a laser beam accord 
ing to a method for manufacturing a polarizer of the present 
invention. 

Referring to FIG. 1, a conductive thin film layer 30 is 
formed on a surface (e.g., an upper Surface) of a Substrate 10. 
The substrate 10 may include, but is not limited to, glass. The 
conductive thin film layer 30 may be formed through sputter 
ing a metal having a relatively high reflectivity on a Surface of 
the substrate 10 or plating the metal on the surface of the 
substrate 10. The metal having the relatively high reflectivity 
may include, but is not limited to, aluminum (Al), aluminum 
neodymium (AlNd), aluminum molybdenum (AllMo), silver 
(Ag), copper (Cu), gold (Au), molybdenum (Mo), etc. 
The conductive thin film layer 30 may have a thickness of 

several hundred nano-meters (nm). In one exemplary 
embodiment, the conductive thin film 30 has a thickness of 
about 200 to 400 nano-meters. When the conductive thin film 
layer 30 is formed through the sputtering method, the metal of 
the conductive thin film layer 30 may beformed at a relatively 
low-temperature to minimize heat damage of the substrate 10. 

FIG. 2 is a plan view illustrating another exemplary 
embodiment of a polarizer processed by a laser beam in 
accordance with the present invention. 
As shown in FIGS. 1 and 2, the substrate 10 is aligned 

under a laser processing apparatus. The laser processing 
apparatus irradiates treatment laser beams TL1, TL2, TL3, 
TL4, TL5 and TL6 along irradiation paths. Each of the treat 
ment laser beams has a predetermined-shaped cross-section 
for processing the conductive thin film layer 30. As in the 
illustrated exemplary embodiments, each of the treatment 
laser beams has a relatively long oval shaped cross-section, 
such as when viewed on a plan view. The substrate 10 is 
disposed at a position where the processing laser beams gen 
erated from the laser processing apparatus are focused such as 
to form the long oval shape “I” on the conductive thin film 
layer 30. 
A plurality of processing lines Substantially parallel to each 

other is formed on the conductive thin film layer 30. The 
substrate 10 is disposed such that a longitudinal direction of 
the long oval shape is Substantially parallel to the processing 
line. The treatment laserbeams TL1, TL2, TL3, TL4, TL5 and 
TL6 respectively correspond a portion of the processing lines. 
The treatment laser beams TL1, TL2, TL3, TL4, TL5 and 

TL6 are respectively irradiated to the corresponding process 
ing lines and remove portions of the conductive thin film layer 
30 corresponding to the processing lines. Consequently, a 
plurality of stripe lines arranged in a stripe type pattern is 
formed on the substrate 10. 

In one exemplary embodiment, irradiating the treatment 
laser beams TL1, TL2, TL3, TL4, TL5 and TL6 to form the 
stripe lines includes laser processing processes. For conve 
nience, two serial processes will be described hereinafter. A 
portion of the processing lines onto which the treatment laser 
beams TL1, TL2, TL3, TL4, TL5 and TL6 are irradiated are 
defined as first processing lines ML11, ML12, ML13, ML14, 
ML15, and ML16 and another portion of the processing lines 
are defined as second processing lines ML21, ML22, ML23, 
ML24, ML25 and ML26. 
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6 
The treatment laser beams TL1, TL2, TL3, TL4, TL5 and 

TL6 are irradiated along the first processing lines ML11, 
ML12, ML13, ML14, ML15 and ML16. Heat energy of the 
treatment laser beams removes portions of the conductive 
thin film layer 30 corresponding to the first processing lines 
ML11, ML12, ML13, ML14, ML15, and ML16. Conse 
quently, groove lines are formed along the first processing 
lines ML11, ML12, ML13, ML14, ML15, and ML16. The 
groove lines expose the substrate 10 as illustrated in FIG. 1. 

FIG. 3 is a perspective view illustrating a polarizer having 
a processing line different from that of the polarizer shown in 
FIG 2. 
As shown in FIG.3, a position of the substrate 10 and/or the 

treatment laser beams is changed so that paths onto which the 
treatment laser beams TL1, TL2, TL3, TL4, TL5 and TL6 are 
irradiated are changed. When the position of the substrate 10 
and/or the treatment laser beams is changed, a stripe line or a 
groove line already formed on the substrate 10 may be used as 
an align pattern to relatively move the substrate 10 and/or the 
treatment laser beams. 

In an exemplary embodiment, an align pattern (not shown) 
may beformed on a position of the substrate 10, such as where 
the stripe lines are not formed, is used as a guide for changing 
a position of the substrate 10 and/or the treatment laser 
beams. The align pattern may be formed on the substrate 10 
before the striped lines are formed on the substrate 10. Alter 
natively, the align pattern and the striped lines may be simul 
taneously formed on the substrate 10. 
The treatment laser beams TL1, TL2, TL3, TL4, TL5 and 

TL6 are respectively aligned at the second processing lines 
ML21, ML22, ML23, ML24, ML25 and ML26 through the 
changing of the relative positions of the substrate 10 and the 
treatment laser beams TL1, TL2, TL3, TL4, TL5 and TL6 
relative to each other. 
The treatment laser beams TL1, TL2, TL3, TL4, TL5 and 

TL6 are irradiated along the second processing lines ML21, 
ML22, ML23, ML24, ML25 and ML26 to partially remove 
the conductive thin film layer 30 corresponding to the second 
processing lines ML21, ML22, ML23, ML24, ML25, and 
ML26. Consequently, a second group of groove lines are 
formed along the second processing lines ML21, ML22, 
ML23, ML24, ML25, and ML26. 

FIG. 4 is a perspective view illustrating another exemplary 
embodiment of apolarizer manufactured by a method accord 
ing to the present invention. 

In the illustrated embodiments, the treatment laser beams 
are irradiated onto the conductive thin film layer 30 formed on 
the substrate 10. The treatment laser beams are irradiated 
along the processing lines through a number of laser process 
ing processes, such as serially performed. As shown in FIG. 4. 
a plurality of groove lines 32 and a plurality of striped lines 31 
defined by the conductive thin film layer 30 remaining 
between the groove lines 32 are formed on the substrate 10. 
A pitch “P” defined by a spacing distance between outer 

edges of two adjacent striped lines 31, a width “W' defined by 
a distance between outer edges of a stripe line 31 and a height 
defined from an upper edge of a striped line to the upper 
surface of the substrate 10 in a direction substantially perpen 
dicular to the upper surface of the substrate 10 of each of the 
striped lines 31 may have effect on a polarizing function of the 
striped lines 31. When the striped lines 31 are used as a 
polarizer which polarizes a light having a relatively long 
wavelength, the pitch “P” has a substantial effect on the 
polarizing function of the Striped lines 31. In an exemplary 
embodiment, the pitch “P” should be smaller than a wave 
length of an incident light in order for the striped lines 31 to 
function as the polarizer. When the pitch “P” is larger than the 
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wavelength of the incident light, the striped lines 31 do not 
function as the polarizer but instead function as a diffractor 
diffracting the incident light. 
When the polarizer 1 is used as a substrate of a display 

panel, the striped lines 31 may have a relatively high polar 
ization capability of polarizing a visible ray because the dis 
play panel uses the visible ray to display images. In one 
exemplary embodiment, the pitch “P” may be smaller than 
about 400 nm because a wavelength of the visible ray is in a 
range of about 400 nm to about 700 nm. The width “W of the 
stripe line 31 may also be minimized. In one exemplary 
embodiment, the striped line has a width “W of about 100 
nm or less Such as in a previous processing operation forming 
a space between the stripes 31 (e.g., pitch “P”). Accordingly, 
the pitch “P” may be about 200 nm or less. 

In exemplary embodiments, when a laser beam makes 
contact with a medium, the laser beam is diffracted. A dif 
fraction width of the laser beam is smaller than a wavelength 
of the laser beam. Accordingly, the diffraction of the laser 
beam has relatively little effect on resolution of the laser beam 
when the stripe line does not have a minute width. However, 
the resolution may be largely reduced by the diffraction of the 
laser beam when the striped line does have a minute width. In 
an exemplary embodiment, a laser beam has a wavelength of 
about 200 nm or less in order to process the stripe line 31 
having a relatively small (e.g., minute) width “W' and a 
minute pitch “P” of about 200 nm or less. In one exemplary 
embodiment the pitch “P” and the width “Ware in a range of 
about 120 nm to about 200 nm. 

In an exemplary embodiment, the laser beam may be Sub 
stantially continuously irradiated onto the conductive thin 
film layer 30 with substantially constant intensity, or discon 
tinuously irradiated to the conductive thin film layer 30 with 
substantially constant frequency. When the laser beam is 
continuously irradiated with constant intensity, excessive 
heat may be generated in the conductive thin film layer 30. So 
as to not generate excessive heat in the conductive thin film 
layer 30, the laser beam may be discontinuously irradiated 
onto the conductive thin film layer 30 with constant fre 
quency. Hereinafter, the constant frequency is referred to 
oscillation frequency. 
The oscillation frequency of the laser beam has influence 

on a processing effect of the conductive thin film layer 30. 
When the oscillation frequency becomes larger than a prede 
termined critical value, a width of a portion of the conductive 
thin film vaporized by heat becomes smaller than a wave 
length of the laser beam. In an exemplary embodiment, the 
laser beam may have a wavelength of about 250 nm or less in 
order to process the striped line 31 having a width of about 
200 nm or less. 

In the illustrated embodiments, the treatment laser beam 
may include one of a F2 typed laser beam having a wave 
length of about 157 nm, an ArF typed laser beam having a 
wavelength of about 190 nm, a KrF typed laser beam having 
a wavelength of about 250 nm, and a Femto-second laser 
beam having a wavelength of about 780 nm. 
A wavelength of the Femto-second laser beam is larger 

than that of the F2-typed laser beam. However, when the 
oscillation frequency of the Femto-second laser beam 
becomes relatively larger, a width of the conductive thin film 
layer 30 Zone affected by heat may become smaller than the 
wavelength of the Femto-second laser beam. Even though the 
wavelength of the Femto-second laser beam is larger than 
about 200 nm, the stripe line 31 may be processed to have a 
minute width “W of about 200 nm or less. 

In an exemplary embodiment, when the conductive thin 
film layer 30 is processed by the F2-typed laser beam, the 
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ArF-typed laser beam, or the KrF-typed laser beam, the oscil 
lation frequency is in a range of about one kilohertz to about 
one megahertz. When the conductive thin film layer 30 is 
processed by the Femto-second laser beam, the oscillation 
frequency may be about one megahertz or more. 

FIG. 5 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention. 

Referring to FIG. 5, the method for manufacturing a polar 
izer 100 is similar to that shown in FIGS. 1 to 4 except that the 
method for manufacturing the polarizer of FIG. 5 further 
includes forming a planarization layer 40 and forming a dis 
play element on the planarization layer 40. Thus, the same 
reference numerals will be used to refer to the same or like 
parts as those described in FIGS. 1 to 4. 
A conductive thin film layer 30 is formed on a surface of a 

substrate 10. The conductive thin film layer 30 is processed to 
form a plurality of striped lines 31. 
A planarization layer 40 covering the striped lines 31 is 

formed on the substrate 10 having the striped lines formed 
thereon. The planarization layer 40 may include a resin hav 
ing high light transmissivity and/or high hardness. 
The display element is formed on the planarization layer 

40. The forming a display element includes forming a Switch 
ing element and a forming a transparent electrode. 
The Switching element, such as a thin film transistor 

“TFT, is formed on the planarization layer 40. In one exem 
plary embodiment, a gate metal layer is formed on the pla 
narization layer 40. The gate metal layer is patterned, such as 
through a photolithographic process, to form a gate line 
including a gate electrode "GE”. A gate insulating layer 50 
covering the gate line is formed on the planarization layer 40 
having the gate line formed thereon. A semiconductor layer 
“C” is formed on a portion of the gate insulating layer 50 
corresponding to the gate electrode "GE”. 
A source metal layer is formed on the Surface (e.g., an 

upper surface) of the substrate 10 having the semiconductor 
layer formed thereon. The source metal layer is patterned to 
form a source line including a source electrode 'SE' and a 
drain electrode "DE', such as through the photolithographic 
process. The thin film transistor “TFT including the gate 
electrode "GE, the gate insulating layer 50, the semiconduc 
tor layer “C” the source electrode "SE.” and the drain elec 
trode “DE is formed on the Substrate 10. 
A transparent electrode 70 electrically connected to the 

drain electrode "DE” is formed. A passivation layer 60 is 
formed on the substrate 10 having the thin film transistor 
“TFT formed thereon. A transparent conductive layer is 
formed on the passivation layer 60 and patterned, such as 
through the photolithographic process, to form the transpar 
ent electrode 70. 

FIG. 6 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention. 

Referring to FIG. 6, the method for manufacturing a polar 
izer 200 according to the present exemplary embodiment is 
substantially the same as that shown in FIGS. 1 to 4 except 
that the method for manufacturing the polarizer of FIG. 6 
further includes forming a planarization layer 240. 

Also, the method of manufacturing a polarizer 200 is sub 
stantially the same as that shown in FIG. 5 except that the 
display element is formed on a second surface being opposite 
to the first surface of a substrate 210 and having striped lines 
231 formed thereon. 
A planarization layer 240 covering the striped lines 231 is 

formed on the first Surface (e.g., an upper Surface) of the 
substrate 210. The substrate 210 having the planarization 
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layer 240 formed thereon is rotated, such as by 180 degrees, 
Such that the second Surface faces upward. A display element 
including the switching element “TFT and the transparent 
electrode 270 is formed on the second surface, as shown in 
FIG. 6. As in the illustrated embodiment of FIG. 6, the display 
element “TFT and the transparent electrode 270 are dis 
posed opposite from and facing the planarization layer 240 
and the striped lines 231 relative to the substrate 210. 
The Switching element, such as a thin film transistor 

“TFT, is formed on the second surface of the substrate 210. 
In one exemplary embodiment, a gate metal layer is formed 
on the second surface of the substrate 210. The gate metal 
layer is patterned, such as through a photolithographic pro 
cess, to form a gate line including a gate electrode "GE'. A 
gate insulating layer 250 covering the gate line is formed on 
the second surface of the substrate 210 and on the gate elec 
trode "GE”. A semiconductor layer “C” is formed on a por 
tion of the gate insulating layer 250 corresponding to the gate 
electrode “GE. 
A source metal layer is formed on the second surface of the 

substrate 210 having the semiconductor layer “C” formed 
thereon. The Source metal layer is patterned to form a source 
line including a source electrode 'SE' and a drain electrode 
“DE', such as through the photolithographic process. The 
thin film transistor“TFT including the gate electrode "GE. 
the gate insulating layer 250, the semiconductor layer “C.” the 
source electrode “SE, and the drain electrode “DE” is 
formed on the substrate 210. 
A passivation layer 260 is formed on the substrate 210 

having the thin film transistor“TFT formed thereon. A trans 
parent conductive layer is formed on the passivation layer 260 
and is patterned, such as through the photolithographic pro 
cess, to form the transparent electrode 270. 

FIG. 7 is a cross-sectional view showing another exem 
plary embodiment of a polarizer manufactured by a method 
according to the present invention. 

Referring to FIG. 7, the method for manufacturing a polar 
izer 300 is substantially the same as that shown in FIGS. 1 to 
4 except that the method of manufacturing the polarizer 300 
of FIG. 7 further includes forming a planarization layer 340 
and forming a display element on the planarization layer 340. 
A planarization layer 340 covering the striped lines 331 is 

formed on the first surface of a substrate 310. A display 
element is formed on the planarization layer 340. 
The a display element includes forming a light shielding 

layer 350, forming a color filter layer 360, forming an over 
coat layer 370 and forming a transparent electrode 380. 
The light shielding layer 350 including openings arranged 

Substantially in a matrix shape is formed on the planarization 
layer 340. The color filter layer 360 covering the openings of 
the light shielding layer 350 and a portion of the light shield 
ing layer 350 is formed on the light shielding layer 350. The 
overcoat layer 370 is formed on the light shielding layer 350 
having the color filter layer 360 formed thereon to compen 
sate for a height difference between the color filter layer 360 
and the light shielding layer 350. The transparent electrode 
380 is formed on the substantially flat upper surface of the 
overcoat layer 370. 

FIG. 8 is a cross-sectional view showing anther exemplary 
embodiment of apolarizer manufactured by a method accord 
ing to the present invention. 

Referring to FIG. 8, the method for manufacturing a polar 
izer 400 is substantially the same as that shown in FIGS. 1 to 
4 except that the method of manufacturing the polarizer 400 
of FIG. 8 further includes forming a planarization layer 440. 

Also, the display element is Substantially the same as that 
shown in FIG. 7. The method for manufacturing a polarizer 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
400 is substantially the same as that shown in FIG. 7 except 
that the display element is formed on a second surface of the 
substrate 410 opposite to a first surface of the substrate 410 
having the striped lines 431 formed thereon. 

FIG. 9 is a cross-sectional view showing an exemplary 
embodiment of a laser processing apparatus used in forming 
a line pattern in accordance with the present invention. 

Referring to FIG.9, the laser processing apparatus includes 
a laser source 610, a light-adjusting module 630, a light 
splitting module 650, and a light cross-section modulating 
module 670. The laser processing apparatus may directly 
process a thin film with a laser beam to form a power line 
pattern. 

In one exemplary embodiment, the laser processing appa 
ratus forms the striped lines 31, 231, 331 and 431 on the 
polarizer 1, 100, 200, 300, and 400 shown in FIGS. 1 to 8, 
respectively. 
The laser source 610 emits a source laser beam"LASER1. 

The Source laser beam may be one among a F2 typed laser 
beam having a wavelength of about 157 nm, an ArF typed 
laser beam having a wavelength of about 190 nm, a KrF typed 
laser beam having a wavelength of about 250 nm, and a 
Femto-second laser beam having a wavelength of about 780 

. 

The light-adjusting module 630 converts the source laser 
beam into parallel laser beams having a Substantially uniform 
luminous intensity. The light-adjusting module 630 includes 
a first total reflection mirror 631, a first convex lens 633, a 
filter lens 635, a second convex lens 637 and a second total 
reflection mirror 639. 
The first total reflection mirror 631, the first convex lens 

633, the filter lens 635, the second convex lens 637 and the 
second total reflection mirror 639 are sequentially disposed in 
a path which the Source laser beam passes along. The first 
total reflection mirror 631 totally reflects the source laser 
beam “LASER1 emitted from the laser source 610. The first 
convex lens 633 concentrates the source laserbeam in order to 
uniformize properties of the source laser beam. The filter lens 
635 is disposed between the first convex lens 633 and a focal 
point of the first convex lens 633. The filter lens 635 uni 
formizes a wavelength of the Source laser beam passing 
through the first convex lens 633. 

In exemplary embodiments, when the source laser beam is 
the F2-typed laser beam, the source laser beam has a wave 
length of about 157 nm. When the source laser beam is the 
ArF-typed laser beam, the source laser beam has a wave 
length of about 190 nm. When the source laser beam is the 
KrF-typed laser beam, the source laser beam has a wave 
length of about 250 nm. When the source laser beam is the 
Femto-second laser beam, the Source laser beam has a wave 
length of about 780 nm. The wavelength of the source laser 
beam are selected to have the above-mentioned value based 
on the type of source laser beam because a width “W' and a 
pitch “P” of a power line pattern, such as the striped line 
shown in FIG. 1 to 8, made by the laser processing apparatus 
is about 200 nm or less. 
The source laser beam passing through the filter lens 635 

passes through the focal point and is diffused. Then, the 
diffused source laser beam enters the second convex lens 637. 
The second convex lens 637 converts the diffused source laser 
beam passing the focal point into the parallel laser beam 
having the Substantially uniform luminous intensity. 
The second total reflection mirror 639 essentially totally 

reflects the parallel laser beam passing through the second 
convex lens 637. The parallellaserbeam “LASER2 reflected 
by the second total reflection mirror 639 has a substantially 
circular shaped cross-section. The parallel laser beam 
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reflected by the second total reflection mirror 639 is consid 
ered to be a surface light and has a Substantially uniform 
luminous intensity. 
The light splitting module 650 splits the parallel laser beam 

“LASER2 reflected by the second total reflection mirror 639 
into a plurality of processing laser beams and emits the pro 
cessing laser beams in a first direction. The light splitting 
module 650 includes first to n-th semi-transmitting mirrors 
651-656 and a third total reflection mirror 657. 
The first to n-th semi-transmitting mirrors 651-656 and the 

third total reflection mirror 657 are sequentially disposed 
along a progress path of the parallel laser beam “LASER2. 
The first to n-th semi-transmitting mirrors 651-656 reflect a 
portion of the parallel laser beam “LASER2 in the first 
direction to convert the parallel laser beam “LASER2 into 
the processing laser beam, and transmits a remaining portion 
of the parallel laser beam “LASER2. 

FIG.9 shows the light splitting module 650 including first 
to sixth semi-transmitting mirrors 651, 652, 653, 654, 655, 
and 656 and a third total reflection mirror 657. However, the 
present invention is not limited thereto and may include any 
of a number of semi-transmitting mirrors and total reflection 
mirrors as are suitable for the purpose described herein. 

First to seventh processing laser beams PL1, PL2, PL3, 
PL4, PL5, PL6, and PL7 respectively correspond to the pro 
cessing laser beams respectively reflected by the first to sixth 
semi-transmitting mirrors 651, 652, 653, 654, 655, and 656 
and the third total reflection mirror 657. Each of the first to 
seventh processing laser beams PL1, PL2, PL3, PL4, PL5, 
PL6, and PL7 has a circular shaped cross-section substan 
tially the same as that of the parallel laser beam “LASER2”. 

First to sixth parallel laser beams SL1, SL2, SL3, SL4, 
SL5, and SL6 respectively correspond to the parallel laser 
beams transmitted by the first to sixth semi-transmitting mir 
rors 651, 652, 653, 654, 655, and 656. Accordingly, the sev 
enth processing laser beam PL7 corresponds to a processing 
laser beam that is transmitted by the sixth semi-transmitting 
mirror 656 and is totally reflected by the third total reflection 
mirror 657. 

In the illustrated embodiment, the first to seventh process 
ing laser beams PL1, PL2, PL3, PL4, PL5, PL6, and PL7 have 
a Substantially uniform luminous intensity. The luminous 
intensity of each of the first to seventh processing laser beams 
PL1, PL2, PL3, PL4, PL5, PL6, and PL7 is controlled by an 
angle of each of the first to sixth semi-transmitting mirror 
651, 652, 653, 654, 655, and 656 and the third total reflection 
mirror 657. In the illustrated embodiment of FIG.9, the first 
to sixth semi-transmitting mirrors 651, 652, 653, 654, 655, 
and 656 and the third total reflection mirror 657 are disposed 
to have a same angle with respect to a base surface on which 
the laser processing apparatus is disposed. However, the 
present invention is not limited thereto and may include any 
of a number of angles and/or combinations of angles of the 
semi-transmitting mirrors and total reflection mirror as are 
suitable for the purpose described herein. 
The light cross-section modulating module 670 converts 

the first to seventh processing laser beams PL1, PL2. PL3, 
PL4, PL5, PL6, and PL7 into first to seventh treatment laser 
beams TL1, TL2, TL3, TL4, TL5, TL6, and TL7 and emits the 
first to seventh treatment laser beams TL1, TL2, TL3, TL4, 
TL5, TL6, and TL7. Each of the first to seventh treatment 
laser beams TL1, TL2, TL3, TL4, TL5, TL6, and TL7 has a 
long oval shaped cross-section. Resolution of a laser process 
ing may be improved because each of the first to seventh 
treatment laser beams TL1, TL2, TL3, TL4, TL5, TL6, and 
TL7 has a long oval shaped cross-section. 
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The light cross-section modulating module 670 includes 

first to (n+1)-th cylindrical lenses. 
In the present exemplary embodiment, the light cross-sec 

tion modulating module 670 includes first to seventh cylin 
drical lenses 671, 672, 673, 674, 675, 676, and 677 respec 
tively receiving the first to seventh processing laser beams 
PL1, PL2, PL3, PL4, PL5, PL6, and PL7. 
The first to seventh cylindrical lenses 671, 672, 673, 674, 

675, 676, and 677 are operated in a same way. The first 
cylindrical lens 671 will be described as an example herein 
after. The first cylindrical lens 671 has a multi-focal point 
forming a long oval shaped cross-section. Therefore, the first 
processing laser beam PL1 passing through the first cylindri 
cal lens 671 has a long oval shaped cross-section. 
The first to seventh treatment laser beams TL1, TL2, TL3, 

TL4, TL5, TL6, and TL7 emitted from the first to seventh 
cylindrical lenses 671, 672, 673, 674, 675, 676, and 677 is 
irradiated onto target 500. The target 500 includes a substrate 
510 and a conductive thin film layer 530. In an exemplary 
embodiment, when the target 500 is one of the polarizers 1, 
100, 200, 300, and 400 shown in FIGS. 1 to 8, the first to 
seventh treatment laser beams TL1, TL2, TL3, TL4, TL5, 
TL6, and TL7 are irradiated onto the conductive thin film 
layer 530 corresponding to the processing lines. In this occa 
sion, the first to seventh treatment laser beams TL1, TL2, 
TL3, TL4, TL5, TL6, and TL7 are irradiated so that a longi 
tudinal direction of the long oval shape is Substantially par 
allel to the processing line. 
The laser processing apparatus further includes a first 

observation unit 710 and a second observation unit 720. The 
first and second observation units 710 and 720 may include, 
but are not limited to, a type of microscope. The first obser 
vation unit 710 is disposed between the first semi-transmit 
ting mirror 651 and the first cylindrical lens 671. The first 
observation unit 710 may be considered to be disposed over 
the first cylindrical lens 671. The first observation unit 710 
observes a cross-section of the first processing laser beam 
PL1. 
The second observation unit 720 is disposed between the 

first cylindrical lens 671 and the conductive thin film layer 
530. The second observation unit 720 may be disposed under 
the first cylindrical lens 671. The second observation unit 720 
observes across-section of the first treatment laser beamTL1. 
When the cross-section of the first processing laser beam 

PL1 observed by the first observation unit 710 has a shape 
different from a predetermined circular shape beyond a first 
tolerance limit, the cross-section of the first treatment laser 
beam TL1 observed by the second observation unit 720 may 
have a shape different from a predetermined long oval shape 
beyond a second tolerance limit. When the shapes of the first 
processing laser beam PL1 and the first treatment laser beam 
TL1 are out of tolerance, a pattern formed on the conductive 
thin film layer 530, such as the striped line, may have a defect 
in a shape and/or a size of the pattern. Advantageously in the 
illustrated embodiment, when the cross-section of the first 
processing laser beam PL1 has a shape different from the 
predetermined circular shape (e.g., out of the first tolerance 
limit), operation of the laser processing apparatus can be 
stopped and the shape difference may be corrected. 
The laser processing apparatus further includes a table 770 

on which the target 500 is disposed. Defects induced by 
movement such as shaking of the table 770 are minimized 
because the treatment laser beams are aligned on the target 
500 with an accuracy such as about several tens of nanometers 
(nm) to several hundreds of nanometers (nm). The table 770 
may include a material that absorbs or reduced movement of 
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the table 700. In one exemplary embodiment, the table may 
include, but is not limited to, a granite surface plate. 

In changing a position of the target during manufacturing, 
the target may damaged, such as by Scratching. The target 
may be moved through a non-touch method to reduce or 
effectively prevent damaging or scratching of the target. In an 
exemplary embodiment, the laser processing apparatus fur 
ther includes an air floater 775 as illustrated in FIG.9. The air 
floater 775 sprays air through a path formed in the table 770 
to float the target and move it. 

The laser processing apparatus further includes an align 
module 730 changing positions of the first to seventh cylin 
drical lenses 671, 672, 673, 674, 675, 676, and 677. 

In the illustrated embodiment, when the target 500 is pro 
cessed by the laser processing apparatus, the table is moved to 
a predetermined position and/or the first and seventh cylin 
dricallens 671, 672, 673, 674, 675, 676, and 677 are moved to 
the predetermined position by the align module 730. How 
ever, it is preferable to move the table to the predetermined 
position because the first to seventh cylindrical lenses are 
aligned with accuracy of a nano-scale. 
When the first to seventh treatment laser beams are irradi 

ated onto the conductive thin film layer 530 along a portion of 
processing lines, a portion of the conductive thin film layer 
530 corresponding to the portion of processing lines is vapor 
ized and essentially removed completely. Particles of the 
conductive thin film layer 530 may remain around the groove 
lines formed along the processing lines. In an exemplary 
embodiment, the laser processing apparatus further includes 
an air blower 740 and an inhalator 750. The air blower 740 
and the inhalator 750 are respectively disposed in a peripheral 
area of the first to seventh cylindrical lenses 671, 672, 673, 
674, 675, 676, and 677. 
The air blower 740 blows out ionized air. The ionized air 

removes static electricity of the particles of the conductive 
thin film layer 530 such that the particles are detached from 
the conductive thin film layer 530 remaining on the target. 
The inhalator 750 inhales the particles and removes the par 
ticles from the remaining conductive thin film layer 530. 

In the illustrated embodiment, the method of manufactur 
ing a polarizer can reduce the number of processes required to 
form a striped line diffracting light on a Substrate in compari 
son with methods for manufacturing a polarizer by using a 
multi-step photolithographic method or a laser-interference 
lithograph method. 
As in the illustrated embodiment, the conductive thin film 

layer formed on a Substrate is directly processed by a laser 
beam in order to form the striped lines. The methods of the 
illustrated embodiments require fewer processes than a more 
complicated photolithographic method or laser-interference 
lithograph method. 

Advantageously, productivity of processes that form a 
power line pattern, such as the striped line of the illustrated 
embodiment, on a Substrate while maintaining an accuracy of 
about nano-scale is improved. 

Having described the exemplary embodiments of the 
present invention and its advantage, it is noted that various 
changes, Substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as 
defined by appended claims. 
What is claimed is: 
1. A method of manufacturing a polarizer, the method 

comprising: 
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14 
forming a conductive thin film layer on a first Surface of a 

Substrate; 
partially removing the conductive thin film layer corre 

sponding to processing lines, wherein the removing the 
conductive thin film layer comprises irradiating treat 
ment laser beams along the processing lines: 

forming a plurality of groove lines on a first portion of the 
Substrate from which the conductive thin film is 
removed; and 

forming a plurality of striped lines on a second portion of 
the substrate on which the conductive thin film remains 
between the groove lines, 

wherein the removing the conductive thin film layer further 
comprises: 
irradiating the treatment laser beams along first process 

ing lines of the processing, lines and forming first 
groove lines; 

moving the substrate relative to irradiation points of the 
treatment laser beams; and 

irradiating the treatment laser beams along second pro 
cessing lines of the processing lines and forming sec 
ond groove lines which are different from the first 
groove lines; and 

wherein the first groove lines and the second groove lines 
are alternately formed with each other. 

2. The method of claim 1, wherein the treatment laser 
beams are one selected from the group consisting of a F2 
typed laser beam having a wavelength of about 157 nm, a Arf 
typed laser beam having a wavelength of about 190 nm, a KrF 
typed laser beam having a wavelength of about 250 nm, and 
a Femto-second laser beam having a wavelength of about 780 

. 

3. The method of claim 2, wherein a width of each of the 
striped lines and a pitch defined as a distance between adja 
cent striped lines are each in a range of about 120 nm to about 
200 nm. 

4. The method of claim 1, wherein a cross-section of the 
treatment laser beam formed on a processing point has an 
elongated oval shape. 

5. The method of claim 4, wherein a longitudinal direction 
of the elongated oval shape is substantially parallel with the 
processing lines. 

6. The method of claim 1, wherein the moving the substrate 
comprises using at least one of the groove lines as an align 
pattern to relatively move the substrate. 

7. The method of claim 1, wherein the moving the substrate 
comprises using at least one of the stripe lines as an align 
pattern to relatively move the substrate. 

8. The method of claim 1, wherein the removing the con 
ductive thin film further comprises removing a residue of the 
conductive thin film which remains on the substrate from the 
treatment laser beams being irradiated onto the conductive 
thin film. 

9. The method of claim 1, further comprising: 
forming a planarization layer covering the striped lines; 

and 
forming a plurality of display elements on the planarization 

layer. 
10. The method of claim 1, further comprising forming a 

planarizing layer cover the striped lines; and 
forming a plurality of display elements on a second Surface 

of the substrate opposite to the first surface. 
k k k k k 


